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PRINTING APPARATUS 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates to image forming apparatus 
such as color printers, color copying machines, and color 
facsimile machines. More particularly, the present invention 
relates to a printing apparatus of the tandem type in which a 
plurality of image-forming sections are aligned along the 
transport path of a print medium to sequentially form toner images 
of respective colors in registration with one another on the print 
medium. 

The present invention also relates to a printer of an 
intermediate transfer method in which images are formed by a 
plurality of image forming sections and transferred onto an 
intermediate transfer material and then the images are further 
transferred from the intermediate transfer material to a print 
medium . 

DESCRIPTION OF THE RELATED ART 

Known image forming methods for color printers, color 
copying machines, and color facsimile machines are, for example, 
an intermediate transfer belt method and an intermediate transfer 
drum method including tandem type. 

With a tandem type printer, yellow, magenta, cyan, and black 
images are formed by corresponding image forming sections and 
transferred onto a print medium in superposition. The prominent 
feature of a tandem type printer is that an image of four colors 
can be printed by a single passage of a print medium through the 
transport path. 

A conventional printer is so designed that unless all of the 
image-forming sections are attached to the printer body properly, 
printing is not performed for any colors in combination, even a 
single color. If any one of the image-forming sections is not 
attached properly, an error handling operation is performed. 
Thus, even when a user wishes to print only black and red images, 
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cyan and yellow image forming sections must be attached to the 
printer body. This is uneconomical. 

SUMMARY OF THE INVENTION 

The present invention was made to solve the aforementioned 
drawbacks . 

An object of the invention is to provide a printing apparatus 
in which even if some image forming sections are not attached to 
the printer, printing can be performed only with the image forming 
sections attached to the printer. 

An another object of the invention is to provide a printing 
apparatus that does not consume the consumable items of image 
forming sections not operated, thereby saving the running costs 
of the printer. 

A printing apparatus has a plurality of image forming 
sections that are removably attached to a body of the printing 
apparatus and form images of different colors. The printing 
apparatus includes a specifying unit such as operation panel and 
a control unit. The specifying unit specifies an image forming 
section that performs printing. The control unit controls the 
image forming section specified by the specifying unit to operate 
to form an image of a corresponding color. 

The printing apparatus further includes a plurality of 
detectors that detect the presence and absence of corresponding 
image forming sections in the body. When the detector detects 
that an image forming section specified by the specifying unit 
is present, the control unit controls the specified image forming 
section to operate. When the detector detects that the image 
forming section specified by the specifying unit is absent, the 
control unit does not control the specified image forming section 
to operate. 

The printing apparatus further includes a plurality of 
detectors that detect the presence and absence of corresponding 
image forming sections in the body. When the detector detects 
that an image forming section not specified by the specifying unit 
is present, the control unit controls the specified image forming 
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section to operate. 

If print data contains a color corresponding to an image 
forming section not specified by the specifying unit, the control 
unit performs control in such a way that the print data is not 
processed in a format that can be printed. 

If print data contains a color corresponding to an image 
forming section not detected by the detector, the control unit 
performs control in such a way that the print data is not processed 
in a format that can be printed. 

A printing apparatus has a plurality of image forming 
sections that are removably attached to a body of the printing 
apparatus and form images of different colors. The printing 
apparatus includes a plurality of detectors and a control unit. 
The plurality of detectors detect the presence and absence of 
corresponding image forming sections in the body. The control 
unit selectively controls the image forming sections to operate 
according to detection results of the plurality of detectors. 

Further scope of applicability of the present invention will 
become apparent from the detailed description given hereinafter. 
However, it should be understood that the detailed description 
and specific examples, while indicating preferred embodiments of 
the invention, are given by way of illustration only , since various 
changes and modifications within the spirit and scope of the 
invention will become apparent to those skilled in the art from 
this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood from 
the detailed description given hereinbelow and the accompanying 
drawings which are given by way of illustration only, and thus 
are not limiting the present invention, and wherein: 

Fig. 1 illustrates the general configuration of a tandem type 
printer according to a first embodiment of the invention; 

Fig. 2 illustrates the configuration of an exposing unit and 
a developing unit of a print mechanism; 

Figs. 3A and 3B illustrate the potentials on a 
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photoconductive drum and in a developing unit during exposing; 

Fig. 4 is a block diagram, illustrating a drive circuit of 
the LED head for yellow ; 

Fig. 5 is a block diagram that illustrates the configuration 
of the control circuit; 

Fig. 6 is a block diagram, illustrating the configuration 
of an image data processing circuit for a tandem type color printer 
will be described; 

Fig. 7 illustrates the operation panel of the color printer 
according to the first embodiment; 

Fig. 8 is a block diagram, illustrating the flow of signals 
in the image data processing circuit of the control unit; 

Fig. 9 is a block diagram of a printer according to a second 
embodiment ; 

Fig. 10 illustrates a toner cartridge of the printer 
according to the second embodiment; and 

Fig. 11 illustrates the printer when the image forming 
section for yellow has been detached. 

DESCRIPTION OF THE INVENTION 
First: Embodiment 

Embodiments of the invention will be described with 
reference to the accompanying drawings. 

Fig. 1 illustrates the general configuration of a tandem type 
printer according to a first embodiment of the invention. 

Referring to Fig. 1, four image forming sections 2K, 2Y, 2M, 
and 2C are aligned along a transport path of a print medium. The 
image forming sections 2K, 2Y, 2M, and 2C are printing mechanisms 
that form images of black, yellow, magenta, and cyan respectively. 

Each of the image forming sections has a photoconductive drum 
6, a charging roller 7, an LED head 3, a developing unit 9, and 
a cleaning unit that scrapes off residual toner on the 
photoconductive drum 6. LED heads 3K, 3Y, 3M, and 3C illuminate 
the surfaces of photoconductive drums 6K, 6Y, 6M, and 6C to form 
electrostatic latent images of the corresponding colors and then 
developing rollers develop the electrostatic latent images with 
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toners of the corresponding colors, thereby forming toner images 
of the respective colors. The toner images of the respective 
colors are transferred by corresponding transfer rollers 4K, 4Y, 
4M, and 4C onto a print medium. 

The developing units 9K, 9Y, 9M, and 9C are detachably 
attached to the image forming sections 2K, 2Y, 2M, and 2C , 
respectively, which are individually driven by corresponding 
motors . 

The developing process of the image forming sections 2K, 2Y, 
2M, and 2C will be described. 

Fig. 2 illustrates the configuration of an exposing unit and 
a developing unit of a print mechanism. 

Figs. 3A and 3B illustrate the potentials on a 
photoconductive drum and in the developing unit during exposing. 

Referring to Fig. 2, the changing roller 7, LED head 3, and 
developing unit 9 are disposed around the photoconductive drum 
6, and the developing unit 9 includes a developing roller (i.e. , 
DB roller) 27a and a toner-supplying roller (i.e., SB roller) 27b. 
The developing unit 9 holds toner of a corresponding color therein . 
When the photoconductive drum 6 is rotated by a 

developing/transferring process motor, not shown, the charging 
roller 7 receives a negative voltage from a high voltage supply, 
not shown, so that the surface of the photoconductive drum 6 is 
charged to a potential of about -700 V. The charged surface of 
the photoconductive drum 6 is exposed to light, which selectively 
dissipates the charges on the photoconductive drum 6 in accordance 
with print data. The potential of exposed areas decreases to a 
potential in the range of 0 to -70 V, thereby forming an 
electrostatic latent image. 

The voltages in the developing unit during developing 
process will be described with reference to Fig. 3A. 

The photoconductive drum 6 is charged to about -700 V and 
areas exposed to light has a potential in the range of 0 to - 
70 V. 

The developing roller 27a receives a voltage of -300 V and 
the toner-supplying roller 27b receives a voltage of -450 V. The 
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developing roller 27b takes the form of a sponge roller and 
delivers an appropriate amount of toner to the developing blade. 
The toner particles held in the developing unit 9 are charged to 
a negative voltage. 

When the developing roller 27a receives a bias voltage of 
-300 V , the toner is supplied from the toner-supplying roller 27b 
to the toner-developing roller 27a. Then, the toner is deposited 
as a developing toner on the developing roller 27a. The amount 
of charge of toner is in the range of about -50 to -100 V while 
the toner potential on the developing roller 27a is in the range 
of -400 to -350 V. 

The potential of areas on the photoconductive drum 6 exposed 
to light is in the range of 0 to -70 V and the potential of areas 
not exposed to light remains about -700 V. Thus, the areas on 
the photoconductive drum 6 exposed to light attract the toner to 
form a visible image as a whole. Because the difference in 
potential between the areas exposed to light and areas not exposed 
to light is more than 200 V, the toner does not migrate from the 
developing roller 27a to the areas not exposed to the light. 

The configuration of the LED head will be described. Fig. 
4 is a block diagram, illustrating a drive circuit of the LED head 
3Y for yellow. 

As shown in Fig. 4, image data signal DATA is input together 
with clock signal CLK into the LED head 3Y . For example, the color 
printer 1 has the LED 3Y with a dot density of 300 DPI (dot per 
inch) , and the image data DATA is a 2560-bit signal that is input 
as bit data serially into shift registers SR1-SR2560. Then, upon 
a latch signal LOAD, the bit data is output to latches LT-LT2560. 
Subsequently, the bit data of a high logic level is output from 
the latches LT1-LT2560 upon a strobe signal STB, so that light 
emitting elements LD1-LD2560 light up. G1-G256, Trl-Tr256, and 
R1-R256 and VD denote gates, switching elements, protection 
resistors, and power supply, respectively. 

The exposing process of the aforementioned LED head will be 
described. Referring to Fig. 1, the LED head 3Y includes an LED 
array, a circuit board on which drive ICs are mounted for driving 
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the LED array, and a SELFOC LENS array that focuses the light 
emitted from the LED array on the surface of the photoconductive 
drum 6. The light emitting elements LDs 1-2560 are energized in 
accordance with an image signal for yellow and illuminate the 
charged surface of he photoconductive drum 6Y to form an 
electrostatic latent image of yellow. The yellow toner is 
deposited to the electrostatic latent image by the Coulomb force, 
thereby forming a yellow toner image. The transport belt 20 is 
sandwiched between the photoconductive drum 6Y and the transfer 
roller 4Y. 

Likewise, the LED heads 3M, 3C, and 3K receive image signals 
for magenta, cyan, and black, respectively, so that magenta , cyan, 
and black toner images are formed just as in the LED head for yellow . 
The residual toner from the photoconductive drum 6Y is scraped 
off by the cleaning unit 15Y and collected by a screw shaft, not 
shown, into a waste toner reservoir, not shown, located outside 
of the printing mechanism. 

Referring to Fig. 1, the transport belt 20 is made of a 
semiconductive plastic film of a high electrical resistance and 
takes the forms of an endless belt mounted on a drive roller 30 
and a driven roller 31. The transport belt 20 has an electrical 
resistance such that the print medium S can be electrostatically 
attracted to the belt 20 and the residual static electricity can 
be automatically neutralized after the print medium has left the 
belt 20. The drive rollers 30 is connected to a motor, not shown, 
and driven to rotate in a direction shown by arrow C. The upper 
half of the transport belt 20 is sandwiched between the 
photoconductive drums 6K, 6Y, 6M, and 6C and the transfer rollers 
4K, 4M, and AC. 

A cleaning blade 33 presses the transport belt 20 so that 
the belt 20 is sandwiched between the drive roller 30 and cleaning 
blade 33. The cleaning blade 33 is formed of a flexible rubber 
material or a plastic material. The tip of the cleaning blade 
33 is in pressure engagement with the transport belt 20 so as to 
scrape off the residual toner on the transport belt 20 into a waste 
toner tank 34 . 
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The paper feeding mechanism will now be described. 
Referring to Fig. 1, the color printer 1 includes a paper feeding 
mechanism disposed at a right lower corner. The paper feeding 
mechanism includes a paper cassette 40, a hopping mechanism 47, 
and registry rollers 51 and 52 . The paper cassette 40 includes 
a paper cassette 41, push-up plate 42, and an urging member 43. 
The hopping mechanism 47 includes a separator 44, a spring 45, 
and a feed roller 46 and is located at a paper outlet of the paper 
cassette 41. The hopping mechanism 47 picks up a sheet of paper 
S to feed it into guides 4 8 and 49 through which the paper S is 
fed to a first registry roller 51 and a second registry roller 
52 that are in pressure contact with a transport roller 50. 

An attraction roller 54 is in pressure contact with the driven 
roller 31, causing the paper S, advanced by the hopping mechanism 
47 to a paper guide 53, to be charged so that the paper S is 
electrostatically attracted to the transport belt 20. The 
attraction roller 54 is formed of a high resistance, electrically 
semiconductive rubber material . Disposed between the attraction 
roller 54 and the image forming section for yellow is a photo sensor 
55 that detects the leading edge of the paper S. The paper S may 
be advanced without having to employ the attraction roller 54. 

The operation of the paper feeding mechanism will be 
described briefly. The paper S in the paper cassette 41 is urged 
by the push-up plate 42 against the separator 44. The separator 
serves to feed the paper S on a sheet by sheet basis. When the 
feed roller 46 is rotated by, a motor, not shown, in a direction 
shown by arrow F, the feed roller 46 and the separator 44 cause 
the paper S to advance into the guides 48 and 49 guide. Then, 
the paper S is pulled in between the transport roller 50 and the 
first registry roller 51. If the transport roller 50 is further 
rotated in a direction shown by arrow G, the paper S is guided 
from the second registry roller 52 through the paper guide 53, 
reaching a point between the attraction roller 54 and the transport 
belt 20. The color printer 1 includes a manual feed tray 56 that 
allows the user to feed paper manually. A photo sensor 58 detects 
the paper S that is fed manually. The manually fed paper S is 
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directed between the attraction roller 54 and the transport belt 
20 by the second registry roller 50 and second registry roller 
52 . 

The attraction roller 54 is urged against the driven roller 
31 and the driven roller 31 is grounded, so that the paper S can 
be attracted by the potential difference between the driven roller 
31 and the attraction roller 54. The paper S is attracted to the 
transport belt 20 and advanced in the direction from right to left 
with reference to Fig. 1 so that a toner image is transferred. 
There is provided a neutralizer 60 over the drive roller 30, spaced 
apart by a predetermined distance. The neutralizer 60 
neutralizes the paper S attracted to the transport belt 20 to set 
the paper free from the electrostatic force, thereby facilitating 
the release of the paper S from the transport belt 20. There is 
provided a photo sensor 61 to the left of the neutralizer 60, the 
photo sensor 61 detecting the trailing end of the paper S. 

A paper guide 62 and a fixing unit 63 are disposed to the 
left of the neutralizer 60. The fixing unit 63 heats the paper 
S to fix the toner image on the paper S . The fixing unit 63 includes 
a heat roller 64 that heats the toner and a pressure roller 65 
that rotates in contact with the heat roller 64. A cleaning pad 
66 in the form of a felt is disposed on the fixing unit 63 to clean 
the surface of the heat roller 64 on which the toner is deposited. 
There is an exit to the left of the fixing unit 63. The paper 
S is discharged through the exit to a paper stacker 67 . The paper 
stacker 67 holds the printed paper S thereon. 

A control circuit that controls the operation of the tandem 
type printer of the aforementioned configuration will be 
described. 

Fig. 5 is a block diagram that illustrates the configuration 
of the control circuit. 

The references Y, M, C, K denote yellow, magenta, cyan, and 
black, respectively. 

The controller 70 includes a microprocessor, ROM, RAM, timer, 
and I/O, and controls the overall operation of the color printer 
1 in Fig. 1. The controller 70 is connected to an SP bias power 
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supply 71, a DB bias power supply 72, a charging power supply 73, 
and a transferring power supply 74. The SP bias power supply 71 
supplies electric power to the toner-supplying roller 27b in the 
form of an electrically conductive sponge roller. The DB bias 
power supply 72 supplies electric power to the developing rollers 
27a. The charging power supply 73 supplies electric power to the 
charging roller 7. The transferring power supply supplies 
electric power to the transfer rollers 4. The output voltages 
of the power supplies 71-74 are supplied to the printing mechanisms 
for yellow, magenta, cyan, and black, being switched on and off 
for individual colors . 

The controller 70 is connected to an attraction charging 
power supply 75 that supplies electric power to the attraction 
roller 54, and a neutralization power supply 76 that supplies 
electric power to the neutralize! 60. The power supplies 75 and 
76 are switched on and off under the control of the controller 
70 . 

The controller 70 is connected to the LED heads 3K, 3Y, 3M, 
3C, and 3K and the image memory 78 via a print control circuit 
77. The print control circuit 77 controls the transfer of the 
print data and control data. The image memory 7 8 stores image 
data received from the host device through a control unit 110. 
In other words, the print control circuit 77 performs transfer 
of the print data that is supplied to the LED heads 3K, 3Y, 3M, 
and 3C and the time length of exposure of the LEDs , thereby forming 
an electrostatic latent image on the surface of the 
photoconductive drum 6. For example, the control unit 110 
separates the image data, received from an external host device 
such as a host computer, into yellow image data, magenta image 
data, cyan image data, and black image data and then stores these 
items of image data into corresponding memory areas. 

The fixing unit control circuit 80 drives a heater, not shown, 
in the heat roller 64 in the fixing unit 63 so as to maintain the 
heat roller 64 at a predetermined temperature. The motor drive 
circuit 81 is connected to motors 82-85 and motors 87-89. The 
motors 82-85 drive the corresponding transfer rollers of the image 
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forming sections 2K, 2Y, 2M, and 2C, respectively. The motor 87 
drives the feed roller 46 and the transport roller 50. The motor 
88 drives the fixing unit 63. The motor 89 causes the developing 
unit 2 to move into and out of contact engagement with the 
photoconductive drum 6. The motors 82-89 are coupled via gears 
and belt, not shown, to corresponding driven elements. 

The sensor driver/receiver 90 is connected to the controller 
70. The sensor driver/receiver 90 drives the photo sensors 55, 
58, and 61 in Fig. 1, and receives the signal waveforms outputted 
from the photo sensors 55, 58, and 61. 

Fig. 6 is a block diagram, illustrating the configuration 
of an image data processing circuit for a tandem type color printer 
will be described. 

Referring to Fig. 6, the image data processing circuit 
(hereinafter referred to as processing circuit 100) . Image data 
201 is transmitted as RGB data from a host device 200 such as a 
personal computer. The processing circuit 100 includes the 
control unit 110 as a main controller and a printer unit 120. 

With the processing circuit 100, the RGB data received via 
an interface (I/F) control circuit 111 is stored in the buffer 
memory 112. The buffer memory 112 is in turn connected to a data 
conversion circuit 113. The data conversion circuit 113 converts 
the RGB data into Y- , M- , C- , and K data, which in turn is stored 
in the buffer memory 114. The buffer memory 114 is connected to 
the raster buffer memory 116 via a compression circuit 115. The 
Y-, M-, C-, and K data in the buffer memory 114 is compressed by 
the compression circuit 115 stored into print data for each page 
in the raster buffer memory 116. The thus obtained Y-, M- , C- , 
and K data is then expanded by an expansion circuit 117 and then 
sent to the printer unit 120. 

The Y-, M-, C-, and K data outputted to the printer unit 12 0 
is then supplied as a video data, required for actual printing, 
to the print control units 122-125 for Y, M, C, and K. In other 
words, the Y- , M- , C- , and K data is stored into the image memory 
78 in the printer unit 120 and then transferred as print data at 
predetermined timings to corresponding printing mechanisms . The 
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print data is outputted in timed relation with the paper S being 
advanced along the transport path. 

With the aforementioned color printer of the tandem type, 
the print control units 122-125 control corresponding printing 
mechanisms to perform exposing, developing, transferring, and 
fixing for four colors, so that toner images of four colors are 
formed on the same paper S. During printing, the printer unit 
120 supplies the Y- , M— , C- , and K data to the corresponding print 
control units 122-125 simultaneously, and the corresponding 
printing mechanisms perform printing of the corresponding colors 
serially on the paper S. Only one of specific print control unit 
may be specified to operate, so that a toner image of only one 
color can be made, for example, monochrome printing. 

Fig. 7 illustrates an operation panel of the color printer 
according to the first embodiment. Referring to Fig. 7, an 
operation panel 91 includes a display 92 and an operation key 
section 93. The key section 93 includes a setting key 94 for 
setting an operation mode, a specifying key 95 for specifying an 
image forming section 2 of a displayed color, a switching key 96 
for switching the display on which an image forming section is 
displayed . 

The controller 70 in Fig. 5 receives information specified 
by the specifying key 95 , i.e., information on a printing mechanism 
to be operated. The received information is stored into an 
internal memory in the controller 70. 

{Operation of Color Printer} 

Next, the operation of the color printer according to the 
first embodiment will be described . Upon power up , the controller 
70 causes the motor drive circuit 81 to operate , thereby performing 
initialization. Subsequently, the controller 70 controls the 
fixing motor 88 to drive the heat roller 64 in rotation, so that 
the cleaning pad 66 cleans the surface of the heat roller 64. 
Simultaneously, the controller 70 controls the fixing control 
circuit 80 for warm-up until the heat roller 64 reaches a 
predetermined temperature, thereby entering a printing mode. In 
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the printing mode, the fixing control circuit 80 controls the heat 
roller 64 so that the heat roller 64 is maintained within a 
predetermined temperature range. If no printing is performed for 
a predetermined length of time, then the color printer 1 enters 
a sleep mode where electric power to the heat roller 64 is shut 
off in order to save power consumption. If a printing operation 
is commanded when the color printer 1 is in the sleep mode, the 
controller 7 0 enters a warm-up mode again and then returns to the 
print mode. 

When the heat roller 64 reaches a predetermined temperature, 
the controller 70 causes the motor drive circuit 81 to drive the 
motor 87, thereby driving the drive roller 30 in rotation so that 
the transport belt 20 runs in a direction shown by arrow E. As 
a result, the cleaning blade 33 scrapes the residual toner and 
dust deposited on the surface of the transport belt 20 into the 
waste toner tank 34. When the transport belt 20 runs over a 
distance slightly longer than its one complete rotation, the motor 
87 is stopped, thereby completing a cleaning operation. During 
the cleaning operation, the motors 82, 83, 84, and 85 in the 
printing mechanisms K, Y, M, and C are rotated, and the controller 
70 causes the DB bias power supply 72, charging power supply 73, 
and SP bias power supply 71 to turn on for printing images of the 
respective colors. Thus, the predetermined voltages are applied 
to the charging roller 7, developing roller 27a, and the 
toner-supplying roller 27b, respectively. The cleaning blade 15 
scrapes the residual toner from the photoconductive drum 6, 
thereby completing the cleaning operation. 

If any one of the image-forming sections is absent from the 
color printer 1, the controller 70 does not perform an error 
handling operation but perform initialization . The user can open 
a printer cover to take out jammed paper and replace the image 
forming sections 2Y, 2M, 2C, and 2K. The initialization is also 
performed when the printer cover, not shown, of the color printer 
1 is opened and subsequently closed. 

After the initialization of the color printer 1, the control 
unit 110 waits for image data that will be supplied from an external 
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host apparatus. After the initialization, the user specifies 
through the operation panel 91 an image section to be operated. 

Referring to Fig. 7 , the user specifies an operation mode 
using the setting key 94. First, a message "Yellow will be 
used/not used?" is displayed. If yellow is to be used, then the 
user depresses the setting key 95. Then, upon depressing the 
switching key 96, a message "Magenta will be used/not used?" is 
displayed. If yellow is not to be used, then the user depresses 
the switching key 96. Likewise, the user operates the setting 
key 95 and/or switching key 96 to select colors of the displayed 
messages for cyan and black. 

The controller 7 0 receives information on an image forming 
section to be used from the operation panel 91, and stores this 
information into the internal memory therein. 

When the host computer sends the image data to the control 
unit 110, the controller 70 outputs a command to the control unit 
110 and the memory areas in the image memory 78. The control unit 
110 separates the image data into data of individual colors in 
response to the command. The image memory 78 stores the image 
data of the respective colors into its corresponding memory areas. 

Fig. 8 is a block diagram, illustrating the flow of signals 
in the control unit 110 of the processing circuit 100. Elements 
in Fig. 8 similar to those in Fig. 6 have been given the same 
reference numerals . 

Referring to Fig. 8, the I/F control circuit 111 is connected 
to the host apparatus 200 and receives a print command and image 
data from the host apparatus 200. Based on these input signals, 
the I/F control circuit 111 outputs RGB data (thick lines) and 
print commands (thin lines) . The print commands include a color 
specifying signal and a storage completion signal. The 
color-specifying signal indicates whether the image is a full 
color image or a mono color image. The buffer memory 112 has a 
data storage area 112a in which the RGB data is stored and a command 
storage area 112b in which the associated commands are stored. 

The I/F control circuit 111 analyzes the commands and data 
received from the host apparatus 200 to generate the color 
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specifying signal, and then stores the commands into the command 
area 112b and the data into R buffer, G buffer, and B buffer in 
sequence. When the I/F control circuit 111 has stored one page 
of image data received from the host apparatus 200 , the I/F control 
circuit 111 outputs the storage completion signal to the data 
converting circuit 113. 

Upon receiving the storage completion signal from the I/F 
control circuit 111, the data converting circuit 113 converts the 
RGB data into the Y-, M- , C- , and K data. In other words, the 
data converting circuit 113 receives the RGB data on a line-by-line 
basis from the buffer memory 112b and converts the RGB data into 
the M-, C-, and K data, which will be stored into the buffer 

memory 114 subsequently. Just as the buffer 112, the buffer 
memory 114 includes a data storage area 114a in which data for 
the respective colors is stored and a command storage area 114b 
in which commands are stored. The bufferll2 has start addresses 
for the RGB data of respective colors. The data converting 
circuit 113 generates addresses of areas corresponding to the 
respective colors from the start addresses to read the RGB data 
from the buffer 112 on a line-by-line basis, while at the same 
time generating addresses of areas corresponding to the 
respective colors from the start addresses to store the Y- , M- , 
C-, and K data into the data storage area 114a of the buffer 114 
on a line-by-line basis. 

When the buffer 114 receives a total of m lines of one page 
of the respective Y- , M- , C-, and K data, the data converting 
circuit 113 provides the conversion completion signal to a 
compressing circuit 115. Upon receiving the conversion 
completion signal, the compression circuit 115 initiates a 
compression process . In this compression process , the first line 
(Kl line data) to the final line (Kn line data) of a black image 
are first compressed. Then, the first line (Yl line data) to the 
final line (Yn line data) of a yellow image are compressed. Then 
the first line (Ml line data) to the final line (Mm line data) 
of a magenta image are compressed. Then the first line (CI line 
data) to the final line (Cn line data) of cyan image data are 
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compressed. Every time compression of one line data completes, 
the compressed data is output to a raster buffer memory 116. ' 

When a total of a lines of data for one page of each of 4 
colors has been stored into a line data storage area of the raster 
buffer 116, the image data expanded by an expansion circuit 117 
is transferred as video data from the control unit 110 in Fig. 
6 to the image memory 78 of the printer unit 120, and stored in 
the image memory 78. 

The controller 70 makes a decision based on the information 
stored in the internal memory in the controller 70, i.e., 
information on an image forming section to be used, to determine 
whether the image data should be transmitted to the printer unit 
120. In other words, the image data of a specified color is 
transferred as video data to the image memory 7 8 of the printer 
unit 120 and the image data of non-specified color is not 
transmitted to the printer unit 120. The controller 70 drives 
the motor (one of 82-85) of an image forming section of a specified 
color and does not drive the motor (one of 82-85) of an image 
forming section of a non-specified color. 

When the color specifying signal indicates that received 
data contains a color not specified by the user, the controller 
70 does not transmit the non-specified image data to the printer 
unit 120 and nor does it drive the motor of that image forming 
section. Then, the controller 70 causes a mechanism, not shown, 
to maintain a non-specified image forming section away from the 
transport belt 20 during a printing operation with a specified 



color . 



The printing operation of image data of a specified color 
will be described. The controller 70 controls the motor drive 
circuit 81 to drive the motor 86, thereby driving the feed roller 
46. The feed roller 46 rotates to feed one page of paper S from 
the paper cassette 41 to the guides 48 and 49. At the same time, 
the motor drive circuit 81 controls the motor to rotate so that 
the leading edge of the paper S abuts the nip between the transport 
roller 50 and the first registry roller 51 and then has some slack 
in it. This slack is used to eliminate the skew of the paper S. 
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The controller 70 causes the motor drive circuit 81 to drive 
a corresponding one of the motors 81-88, thereby rotating the 
photoconductive drum 6 in the corresponding image forming section 
2, charging roller 7, developing roller and sponge roller in 
developing unit 2, transfer roller 4, drive roller 30, transfer 
roller 50, and heat roller 64 of the fixing unit 63. At the same 
time, the controller 70 turns on the charging power supply 73, 
developing bias power supply 72, and SP bias power supply 71 to 
supply voltages to the charging roller 7, DB roller 27a, and SB 
roller 27b of a corresponding image forming section 2. Thus, the 
surfaces of the photoconductive drums of corresponding image- 
forming sections 2 are uniformly charged by corresponding 
charging rollers 7. The DB rollers 27a and SB rollers 27b are 
also charged to predetermined high voltages. 

When the transport roller 50 is rotated in a direction shown 
by arrow G, the paper S is transported by the first registry roller 
51 and the second registry roller 52 to the guide 53. Then, as 
soon as the leading edge of the paper S reaches between the 
attraction roller 54 and the transport belt 20, the controller 
70 turns on the attraction charging power supply 75, which in turn 
supplies a voltage to the attraction roller 54 . Thus , the leading 
edge of the paper S is attracted to the transport belt 20 by the 
Coulomb force between the attraction roller 54 and the drive roller 
31 . 

When the transport roller 50 rotate in the direction shown 
by arrow G, the paper S is attracted to the transport belt 20 and 
transported by the transport belt 20 in the direction shown by 
arrow E. when the photo interrupter 55 detects the leading edge 
of the paper S, the photo interrupter 55 sends a detection signal 
to the controller 70 via a sensor receiver/driver 90. When the 
trailing end of the paper S passes the feed roller 46, the 
controller 70 causes the motor drive circuit 81 to stop the motor 
86 in response to the detection signal from the separator 44. 

A predetermined time length after the transport roller 50 
begins to rotate, the print control circuit 77 sends a command 
to the image memory 78 that stores image data therein. Upon the 
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command, the image memory 7 8 transmits one line of image data of 
a specified color to the print control circuit 77. in response 
to the command from the controller 70, the print controller 77 
converts one line of image data of a specified color into a signal 
format that can be transmitted to the LED head 3, then sends the 
data to the LED head 3 . The LED head 3 drives LEDs in accordance 
with the image data received from the print controller 77, thereby 
forming an electrostatic latent image of one line of the image 
data on the charged surface of the photoconductive drum 6. The 
image forming section 2 holds toner of a corresponding color so 
that the DB roller 27a applies charged toner of a specified color 
to the electrostatic latent image formed on the photoconductive 
drum 6 . 

Thereafter, when the leading edge of the paper S reaches 
between the photoconductive drum 6 and transfer roller 4, the 
controller 70 turns on the transfer power supply 13 so that the 
toner image on the photoconductive drum 6 is electrostatically 
transferred by the transfer roller 4 onto the paper S. As the 
photoconductive drum 6 rotates, the toner image for one page is 
transferred onto the paper S. This completes the transfer of a 
toner image of a specified color onto the paper S. 

The paper S further advances as the transfer belt 20 runs 
further, so that a toner image of another color, if any, is 
transferred onto the paper S in registration with a previously 
transferred toner image . In other words , the controller 70 causes 
the image memory 7 8 to output one line of image data of another 
color to the print control circuit 77. In response to a command 
from the controller 70, the print control circuit 77 converts one 
line of image data of the color into a signal of an appropriate 
format that can be transmitted to the LED head 3 and transmits 
the converted signal to the LED head 3. The LEDs in the LED head 
3 corresponding to the image data are lit to form an electrostatic 
latent image for one line on the charged surface of the 
photoconductive drum 6. In this manner, the LED head 3 receives 
lines of image data of the color from the image memory 78 and forms 
electrostatic latent image for one page . Likewise , the operation 
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is performed for all other colors. Detailed description thereof 
is omitted. 

The paper S is then further advanced for the transfer of toner 
. images of other colors, if any. After toner images of all 
specified colors have been transferred onto the paper S , the paper 
S is transported by the transport belt 20 to a neutralizer 60. 
Then, the controller 70 turns on the neutralizing power supply 
76 to neutralize the paper S. The charge on the paper S is 
dissipated by neutralization and the paper S becomes easy to leave 
the transport belt 20, so that the paper S leaves the transport 
belt 20 above the drive roller 30 and is guided by a paper guide 
62 into the fixing unit 63. As soon as the paper S leaves the 
neutralizer 60, the controller 70 turns off the neutralizing power 
supply 76. 

The toner image on the paper S is pulled in between the heat 
roller 64 and the pressure roller 65 for fixing. When the fixing 
completes , the paper S is discharged to the paper stacker 67 . When 
the photo interrupter 61 detects the trailing edge of the paper 
S, the controller 70 determines that the paper S has been 
discharged. If no paper S is transported subsequently after the 
discharge of the paper S, the controller 70 causes the motor drive 
circuit 81 to stop the motors 87 and 88. Then, the controller 
70 turns off the charging power supply 73, SP bias power supply 
71, and DB bias power supply 72. The image forming section 2 of 
a color not specified is returned by a mechanism, not shown, from 
the position away from the transport belt 20 to the position where 
the image forming section can perform printing normally. 

As described above, the paper S is advanced by the paper 
feeding mechanism 40 and an image of a specified color is printed 
on the paper S. Likewise, a color image can also be printed on 
the paper S fed from the manual feed tray 56. 

As described above, only image forming sections specified 
by the user are operated to print images of specified colors, 
thereby saving consumable toner of colors not specified. This 
allows reduction of running cost of the image forming apparatus 
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Second Embodiment 

Fig. 9 is a block diagram of a printer according to a second 
embodiment . 

Referring to Fig. 9, a sensor driver/receiver 90 is connected 
to a remaining toner sensor 97 which will be described later . The 
remaining toner sensor 97 is used to detect an amount of toner 
that remains in the developing unit. The remaining toner sensor 
97 also detects whether image-forming sections are attached to 
the image forming apparatus 1 . The output of the remaining toner 
sensor 97 is sent to the controller 70. 

Fig. 10 illustrates a toner cartridge of the printer 
according to the second embodiment. 

Referring to Fig. 10, a toner cartridge 102 has a toner 
chamber 103. The toner chamber 103 incorporates a rotating 
agitator 104. The agitator 104 is formed in the shape of a crank 
shaft having one crank portion 104a that rotates to agitate the 
toner, and another crank portion 104b rotatably coupled to a 
coupling bar 105. The coupling bar 105 moves up and down as the 
agitator 104 rotates . A magnetic body 106 is attached to the upper 
end of the coupling bar 105. The upper end of the coupling bar 
105 is guided its vertical movement by a guide 107. 

A sensor lever 108 is pivotally mounted on a fulcrum 109 
provided over the toner cartridge 102. The sensor lever 108 has 
a permanent magnet 131 on one longitudinal end and an interrupter 
108a formed on another longitudinal end. When the coupling bar 
105 moves upward, the magnetic body 106 is attracted to the 
permanent magnet 131 so that the sensor lever 108 pivots 
counterclockwise in Fig. 10. The counterclockwise rotation of 
the sensor lever 108 causes the interrupter 108a to move into the 
remaining toner sensor 97. 

When the crank portion 104a of the agitator 104 is at a lower 
position, the magnetic body 106 is at an upper position so that 
the magnetic body 106 attracts the permanent magnet 131 to cause 
the remaining toner sensor 97 to detect the interrupter 108a. The 
remaining amount of toner can be detected in terms of the time 
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length during which the magnetic body 106 remains attracted to 
the permanent magnet 131. If the toner cartridge 102 is not 
attached to the image forming apparatus 1, the permanent magnet 
131 is not attracted. Therefore, the remaining toner sensor 97 
remains off. The controller 70 detects that the remaining toner 
sensor 97 is off, thereby detecting whether the image forming 
section 2 has been attached in position. The rest of the 
construction of the second embodiment is the same as the first 
embodiment . 

The operation of the second embodiment will be described. 
Fig. 11 illustrates the printer 1 when the image forming 
section 2Y for yellow has been detached. It is assumed that the 
image forming section 2Y for yellow has been detached from the 
image forming apparatus 1 as shown in Fig. 11. 

Just as in the first embodiment, when the color printer 1 
completes its initialization, the controller 70 waits for image 
data that will be received from an external host apparatus through 
the control unit 110. The operator specifies an image forming 
section through the operation panel 91 in Fig. 7. During the 
initialization, the remaining toner sensor 97 in Fig. 10 outputs 
to the controller 70 the information on the image forming section 
2 that is absent from the color printer 1. 

The controller 70 receives from the operation panel 91 the 
information on an image forming section to be used. The 
controller 70 stores this information in a memory therein. 

When the control unit 110 receives image data from the host 
computer, the controller 70 outputs commands to the control unit 
110 and image memory 78, the commands instructing separation of 
the image data into the respective colors. As described 
previously, the image memory 7 8 stores image data of the respective 
colors for one page of the paper S. 

The image data separated into the respective colors is 
processed as mentioned above, and transferred as video data from 
the control unit 110 in Fig. 6 to the image memory 78 of the printer 
unit 120, which in turn stores the video data therein. 

The controller 70 selects an image forming section to be 
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operated based on the information stored in the internal memory 
of the controller 70, i.e., the information on an image forming 
section to be used and the information from the remaining toner 
sensor 97. The controller 70 causes an image forming section to 
operate, the image forming section corresponding to a specified 
color and having been detected by the remaining toner sensor 97. 
For image forming sections that are specified but not attached, 
the image data for these image forming sections is not transmitted 
to the printer unit 120, the corresponding motors are not driven, 
and an error handling operation is performed. For example, if 
the operator specifies yellow but the image forming section for 
yellow is not attached to the printer 1 (Fig. 10) , then the image 
data of yellow is not transmitted to the printer unit 120 nor is 
the motor for the image-forming section 2Y driven in rotation. 

If the color specifying signal indicates that the data 
received contains a color not specified by the user, the controller 
70 does not allow the operation of the image forming section 
corresponding to the color not specified by the user. For the 
image forming sections of colors specified by the operator and 
attached to the printer, printing is performed as described in 
the first embodiment. 

In addition, a transfer voltage is applied to the transfer 
roller 4 corresponding to the image forming section 2 that is not 
attached to the printer, thereby minimizing leakage of current 
occurring when the paper S passes between adjacent the image 
forming sections 2. Thus, printing quality can be as good as when 
all the image forming sections are attached. 

In the second embodiment, when the image forming section 2 
absent from the printer is specified, the error handling operation 
is carried out. This allows the operator to check the problem 
before printing, preventing failure of printing. 

When it is determined that image forming sections specified 
by the operator have not been attached to the printer 1, a message 
may be displayed which indicates to the operator that desired image 
forming sections 2 are not attached. Of course, an exclusive 
sensor may be provided in order to detect the presence and absence 
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of the image forming sections. However, the remaining toner 
sensor 97 may be conveniently used to detect the presence and 
absence of the image forming sections in the printer 1, thereby 
eliminating the need for a separate sensor. 

Third Embodiment 

A printer according to a third embodiment incorporates a 
means for detecting the presence and absence of the image forming 
sections just as in the second embodiment. This allows 
image-forming sections of specified colors to perform printing 
as well as image forming sections of non-specified colors to 
perform printing if they are attached to the printer. 

The operation of the third embodiment will be described. It 
is assumed that the image forming section 2Y of yellow has been 
detached from the printer 1 (Fig. 11) and the operator specifies 
black . 

Just as in the first embodiment, upon completion of 
initialization of the color printer 1, the printer 1 waits for 
image data, which will be sent from the host apparatus through 
the interface 79 . The operator specifies image-forming sections 
to be operated through the operation panel 91 in Fig. 7. During 
initialization, the remaining toner sensor 97 (Fig. 10) sends 
information on a corresponding image forming section. That is, 
remaining sensors send information representing that each of the 
image forming sections 2K, 2M, and 2C for black, magenta, and cyan 
have been attached to the printer 1. The information on an image 
forming section to be used is sent from the operation panel 91 
to the controller 70, which in turn stores the information into 
the internal memory therein. 

When the control unit 110 receives the image data from the 
host computer, the controller 70 provides a command for separating 
the image data into the respective colors to the control unit 110 
and the memory areas of the image memory 78. As described 
previously, the image memory 78 stores one page of image data of 
the respective colors . 

The image data separated into the respective colors is then 
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subjected to the aforementioned processing before being 
transferred from the control unit 110 to the image memory 78 of 
the printer unit 120 in Fig. 6 and stored into the image memory 
78. 

The controller 70 determines image forming sections to be 
operated based on the information stored in the internal memory 
of the controller 70, (i.e. , image forming sections of specified 
colors) and the information from the remaining toner sensor 97. 
The controller 70 causes the image forming sections of the 
specified colors to operate, the image forming sections having 
been detected by the corresponding remaining toner sensors 97. 
In this case, the controller 70 causes the image forming section 
2K of black to operate. Also, the controller 70 causes 
image-forming sections not to be specified but detected by the 
remaining toner sensors 97. That is, if image data for the image 
forming sections of magenta, and cyan exist, the controller 7 0 
allows these image-forming sections 2M and 2C to print. 

In the third embodiment, printing is not performed for an 
image forming section specified but not detected by the 
corresponding remaining toner sensor 97. For image forming 
sections not specified but detected by the corresponding 
remaining toner sensor 97 , the image data is not sent to the printer 
unit 120 and the motor for that image forming section is not driven . 
Moreover, the image forming section is moved away from the 
transport belt 20. If an image forming section is not detected, 
a transfer voltage is applied to the transfer roller for the image 
forming section 2 so as to prevent leakage current. 

The printing operation of the image forming sections 
detached from the printer 1 is the same as the first embodiment. 
The third embodiment is advantageous in that image-forming 
sections detected but not specified are operated to perform 
printing without specifying them. 

Fourth Embodiment 

A printer according to a fourth embodiment has a means for 
detecting the presence and absence of an image forming section 
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just as in the second embodiment, and image data of a color not 
to be printed is not processed. The fourth embodiment has the 
same configuration as the second embodiment. 

The operation of the fourth embodiment will be described. 
It is assumed that the image forming section 2Y for yellow has 
been detached from the printer 1 (Fig. 11) and the operator 
specifies the image forming section for black. 

Just as in the second embodiment, when the initialization 
of the color printer 1 completes, the controller 70 waits for image 
data, which will be received from an external host apparatus 
through the interface 79 . The operator specifies an image forming 
section to be used via the operation panel 91 in Fig. 7. During 
initialization, the remaining toner sensor 97 in Fig. 10 transmits 
the information on an image forming section not attached to the 
printer 1 to the controller 70. 

The information on an image forming section to be used is 
sent from the operation panel 91 to the controller 70. The 
controller 70 in turn stores this information into the internal 
memory of the controller 70. 

When the control unit 110 7 9 receives image data from the 
host computer, the controller 70 outputs commands for separating 
the image data into the respective colors to the control unit 110 
and the respective memory areas of the image memory 78 . That is, 
the data converting circuit 113 in Fig. 8 converts RGB data into 
YMCK data. In response to the command from the controller 70, 
the data converting circuit 113 selects image data to be further 
processed based on the information on the image forming sections 
to be used and information from the remaining toner sensor 97. 

The image data for an image forming section, which has been 
attached to the printer 1 and corresponds to a color specified 
by the operator, is subjected to the subsequent processing and 
then transferred as video data from the control unit 110 (Fig. 
6) to the image memory 78. 

If a color is specified but a corresponding image forming 
section is not detected, the image data of the color is not stored 
in the receiving buffer 114. 
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in this manner, after the image data is converted into the 
respective colors, the image data not to be printed is not 
processed any further, thereby saving the overall processing time 
as well as allowing the memory areas to be used for other purposes . 
The aforementioned first and third embodiment may be configured 
in such a way that the image data of colors not to be printed is 
not processed any further after the image data of the respective 
colors is converted. 



Fifth Embodiment 

In a fifth embodiment, there is provided a detecting means 
for detecting that image forming sections have been attached to 
the printer 1, and the image forming sections attached to the 
printer 1 perform printing. The fifth embodiment has the same 
configuration as the second embodiment except for the operation 
panel 91 in Fig. 7. 

The operation of the fifth embodiment will be described. it 
is assumed that the image forming apparatus 2Y of yellow has been 
detached from the printer 1 (Fig. 11) and the operator specifies 
back printing. 

During the initialization, the information on image forming 
sections not attached to the printer 1 is transmitted from 
corresponding remaining toner sensors 97 to the controller 70. 

When the control unit 110 receives image data from the host 
computer, the controller 70 outputs commands for separating the 
image data into the respective colors to the control unit 110 and 
the memory areas in the image memory 78. That is, the data 
converting circuit 113 in Fig. 8 converts the RGB data into Y-, 
M- , C- , and K data . In response to the command from the controller 
70, the data converting circuit 113 selects image data to be 
printed according to the information on the image forming sections 
to be used and information from the remaining toner sensor 97. 

The controller 70 causes the image forming sections detected 
by the corresponding remaining toner sensor 97 to operate. Image 
data for image forming sections not detected is not transmitted 
to the printer unit 120, the motor for the image forming sections 
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are not driven, and error handling is performed. For example, 
if the image forming section of yellow is not attached (fig. 11) , 
the image data of yellow is not transmitted to the printer unit 
120 nor is the motor of the image forming section 2Y of yellow 
driven . 

According to the fifth embodiment, the means for detecting 
the presence and absence of the image forming sections allows only 
attached image forming sections to perform printing without 
providing a memory section or a specifying means that specifies 
image forming sections to be used. Therefore, an inexpensive 
printer can be provided. 

Even if some image-forming sections have not been attached 
to the printer 1, printing can be performed only with the image 
forming sections attached to the printer 1, thereby not avoiding 
waste of the consumable items of image forming sections not to 
be operated. This saves the running costs of the printer. 

The invention being thus described, it will be obvious that 
the same may be varied in many ways. Such variations are not to 
be regarded as a departure from the spirit and scope of the 
invention, and all such modifications as would be obvious to one 
skilled in the art intended to be included within the scope of 
the following claims. 



27 



